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A PAIR-WISE APPROACH TO TESTING FOR OUTPUT 







This paper proposes a pair-wise approach to testing for output convergence that considers all 
N(N-1)/2 possible pairs of log per capita output gaps across N economies. A general 
probabilistic definition of output convergence is also proposed, which suggests that all such 
output gap pairs must be stationary with a constant mean. The approach is compatible with 
individual output series having unit roots, does not involve the choice of a reference country 
in computation of output gaps, and can be applied when N is large relative to T (the time 
dimension of the panel). The proposed test is applied to output series in the Penn World 
Tables over 1950-2000, as well as to Maddion’s historical series over 1870-2000. Overall, the 
results do not support output convergence, and suggest that the findings of convergence clubs 
in the literature might be spurious. However, significant evidence of growth convergence is 
found, a result which is reasonably robust to the choice of the sample period and country 
groupings. Non-convergence of log per capita outputs combined with growth convergence 
suggests that while common technological progress seems to have been diffusing reasonably 
widely across economies, there are nevertheless important country-specific factors (for 
example, wars, famines, revolutions, regime and institutional changes) that render output gaps 
highly persistent, such that we can not be sure that the probability for the output gaps to lie 
within a fixed range will be non-zero. 
JEL Code: C32, C33, D90, O47. 
Keywords: economic growth, panel data models, common technological shocks, convergence. 
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"?Table 1a:  Composition of Country Groups by Geographical Regions for the 
Different Sample Periods in the Penn World Tables (PWT)  
 
 A: Sample period: 1951-2000 
Country group Composition 
Group1   
Europe (EU15 + Switzerland +   Austria, Belgium, Switzerland, Denmark, Spain, Finland, France, 
   Norway) (16)   Greece, Ireland, Italy, Luxembourg, Netherlands, Norway, Portugal, 
    Sweden, United Kingdom 
Group2   
North and Latin America (21)   Argentina, Bolivia, Brazil, Canada, Chile, Colombia, Costa Rica, 
   Dominican Republic, Ecuador, Guatemala, Honduras, Mexico,  
   Nicaragua, Panama, Peru, Paraguay, El Salvador, Trinidad & Tobago, 
   Uruguay, USA, Venezuela 
Group 3   
Asia + Australia + New Zealand (8)   Australia, India, Japan, Sri Lanka, New Zealand, Pakistan, Philippines, 
   Thailand 
Group 4   
Middle East and North Africa (4)   Israel, Egypt, Morocco, Turkey 
Group 5   
Rest of the World (7)   Ethiopia, Iceland, Kenya, Mauritius, Nigeria, Uganda, South Africa 
B: Sample period: 1961-2000 
Country group Composition 
Group1  
Europe (EU15 + Switzerland +   Austria, Belgium, Switzerland, Denmark, Spain, Finland, France,  
   Norway) (16)   Greece, Ireland, Italy, Luxembourg, Netherlands, Norway, Portugal,  
    Sweden, United Kingdom 
Group2   
North and Latin America (23)   Argentina, Barbados, Bolivia, Brazil, Canada, Chile, Colombia, 
   Costa Rica, Dominican Republic, Ecuador, Guatemala, Honduras,  
   Jamaica, Mexico, Nicaragua, Panama, Peru, Paraguay, El Salvador,  
   Trinidad & Tobago, Uruguay, USA, Venezuela 
Group 3   
Asia + Australia + New Zealand   Australia, Bangladesh, China, Hong Kong, Indonesia, India, Japan,  
 (15)   Korea, Malaysia, Nepal, New Zealand, Pakistan, Philippines,  
    Sri Lanka, Thailand 
Group 4   
Middle East and North Africa (9)   Algeria, Egypt, Iran, Israel, Jordan, Morocco, Syria, Tunisia, Turkey 
Group 5   
Rest of the World (36)   Burundi, Benin, Burkina Faso, Cote d'Ivoire, Cameroon, Congo, 
    Comoros, Cape Verde, Ethiopia, Gabon, Ghana, Guinea, Gambia, 
    Guinea-Bissau, Equatorial Guinea, Iceland, Kenya, Lesotho, 
    Madagascar, Mali, Mozambique, Mauritius, Malawi, Niger, Nigeria,  
    Romania, Rwanda, Senegal, Seychelles, Chad, Togo, Tanzania, 
    Uganda, South Africa, Zambia, Zimbabwe 
C: Sample period: 1971-2000 
        The same as those listed under the sample period 1961-2000 with Germany and Hungary added 
        to Group 1 and Group 5, respectively. The numbers in brackets are the total number of countries in each grou
  




Country group Composition 
   
Advanced countries (17) 
1870-200   Australia, Austria, Belgium, Canada, Denmark, Finland, France, 
   Germany, Italy, Japan, Netherlands, New Zealand, Norway, Sweden, 
   Switzerland, United Kingdom, USA 
   
South Europe (5) 
1923-2000   Greece, Ireland, Portugal, Spain, Turkey 
   
Latin America (8) 




1 The numbers in brackets are the total number of countries in each group. The sample 
periods are 1870-2000, 1923-2000, and 1900-2000 for Advanced countries, South Europe, and 




Table 2: Proportions of Output Gap Pairs for which the Unit Root 
Hypothesis are Rejected - PWT Series 
 
(per cent) 




















10%  5%  10%  5%  10%  5% 
ADF (p)     
p=1  9.94 5.84 11.05 5.50 12.22 6.30
p=2  6.30 2.60 7.11 3.28 8.89 4.48
p=3  7.34 3.31 9.09 4.74 11.70 6.36
p=4  5.06 1.75 8.80 4.54 9.98 5.70
p(AIC)  10.06 6.04 12.10 6.20 13.84 7.68
     
ADF-GLS (p)     
p=1  11.04 6.43 8.72 5.13 8.46 3.98
p=2  7.21 4.22 5.24 2.70 4.77 1.98
p=3  7.47 3.44 6.78 3.50 7.13 3.49
p=4  3.77 1.75 6.99 3.24 4.93 2.44
p(AIC)  11.04 6.56 9.67 5.81 9.76 4.95
       
ADF-WS (p)     
p=1  14.03 7.73 11.75 6.80 13.29 7.33
p=2  9.16 5.45 8.74 4.25 8.95 4.06
p=3  11.88 5.91 10.31 5.98 14.10 7.33
p=4  7.60 2.73 11.89 6.78 11.31 5.45
p(AIC)  13.96 7.92 13.01 7.63 14.83 8.53
    
 
1.  The unit root tests are based on augmented Dickey-Fuller (ADF) regressions with 
an intercept and a linear trend, and are carried out at the 10% and 5% 
significance levels. ADF(p) denotes the standard ADF test of order p. ADF-GLS 
is due to Elliot et al. (1996) that corrects for trends, and ADF-WS is the weighted 
symmetric version of the ADF test proposed by Park and Fuller (1995). See 
Appendix A for computational details and the critical values.  
 
Table 3: Numbers of I(0) Output Gap Pairs with Insignificant Linear Trend 
Coefficients - PWT Series 
 




















10%  5%  10%  5%  10%  5% 
ADF (p)     
p=1 26(153)  13(90) 105(536) 42(267) 127(617)  70(318)
p=2 14(97)  5(40) 52(345) 26(159) 77(449)  31(226)
p=3 16(113)  7(51) 71(441) 43(230) 91(591)  43(321)
p=4 12(78)  3(27) 83(427) 45(220) 79(504)  46(288)
p(AIC)  24(155)  12(93) 117(587)   49(301)  144(699)  80(388)
     
ADF-GLS (p)     
p=1 40(170)  17(99) 103(423) 37(249) 102(427)  50(201)
p=2 23(111)  10(65) 46(254) 21(131) 55(241)  23(100)
p=3 22(115)  6(53) 67(329) 30(170) 73(360)  29(176)
p=4 12(58)  5(27) 76(339) 35(157) 60(249)  30(123)
p(AIC) 38(170)  16(101) 116(469) 47(282) 117(493)  62(250)
       
ADF-WS (p)     
p=1     49(216)  24(119) 139(570) 68(330) 170(671)  89(370)
p=2 28(141)  14(84) 85(424) 36(206) 102(452)  37(205)
p=3 32(183)  15(91) 105(500) 48(290) 169(712)  59(370)
p=4 23(117)  6(42) 140(577) 65(329) 151(571)  55(275)
p(AIC) 48(215)  23(122) 154(631) 80(370) 191(749)  100(431)
    
 
1. The numbers in brackets are the total number of country pairs for which the unit root 
hypothesis were rejected at the specified significance levels. These are the rejection 
frequencies in Table 2 multiplied by the number of country pairs. Tests of the 
significance of linear trends are conducted at the 5% significance level.   Table 4: Proportion of Output Gap Pairs for which the Unit Root Hypothesis 
is Rejected by Country Groups - PWT Series 
   (per cent) 
Sample period  1951-2000 (T=50)  1961-2000 (T=40)  1971-2000 (T=30) 
Tests/Significant  level  10% 5%  10% 5%  10% 5% 
   Group 1 
Number of countries  16 16 17 
Number of country pairs  120 120 136 
ADF(p)                   
p=1 6.67  4.17  7.50  1.67  13.24  4.41 
p=2  5.00 1.67  4.17 1.67  7.35 2.21 
p=3 5.00  3.33  5.00  3.33  11.03  5.88 
p=4  5.83 0.83  4.17 1.67  8.82 2.94 
p(AIC) 6.67  4.17  7.50  1.67  14.71  5.15 
ADF-GLS(p)                   
p=1 6.67  3.33  5.00  1.67  10.29  5.88 
p=2  5.00 0.00  0.83 0.00  6.62 2.94 
p=3 5.00  1.67  5.00  2.50  16.18  8.09 
p=4  3.33 0.83  4.17 0.00  5.15 2.94 
p(AIC) 5.83  3.33  5.00  1.67  18.38  11.03 
ADF-WS(p)                   
p=1 8.33  4.17  6.67  3.33  15.44  9.56 
p=2  6.67 1.67  5.83 0.00  8.82 4.41 
p=3 8.33  1.67  7.50  4.17  13.97  5.88 
p=4  4.17 1.67  8.33 5.00  7.35 1.47 
p(AIC) 9.17  4.17  6.67  3.33  18.38  11.76 
   Group 2 
Number of countries  21 23 23 
Number of country pairs  210 253 253 
ADF(p)                   
p=1  6.19 3.33  7.91 3.16  7.51 5.14 
p=2  5.24 1.43  5.53 1.19  3.95 1.58 
p=3  7.14 2.38  5.14 1.58  7.51 2.37 
p=4  6.67 4.17  2.37 0.40  3.16 0.79 
p(AIC)  7.14 3.81  7.91 3.56  8.30 5.53 
ADF-GLS(p)                   
p=1  6.19 3.33  6.32 1.98  9.88 2.77 
p=2  4.76 2.86  4.35 1.19  3.56 0.79 
p=3  6.19 2.86  5.53 1.98  5.93 3.16 
p=4  4.76 3.33  3.56 0.79  2.77 1.19 
p(AIC) 7.14  4.29  7.51  2.37  10.67  3.16 
ADF-WS(p)                   
p=1 7.62  3.81  9.49  5.53  12.65  7.51 
p=2 5.71  2.38  7.11  3.16  10.67  2.77 
p=3 9.52  3.33  10.67  5.53  13.04  7.11 
p=4  7.62 3.81  9.09 2.77  7.91 3.95 
p(AIC) 8.57  4.76  10.67  6.32  14.23  8.30 
 Table 4 (continued): Proportion of Output Gap Pairs for which the Unit Root 
Hypothesis is Rejected by Country Groups - PWT Series 
 
Sample period  1951-2000 (T=50)  1961-2000 (T=40)  1971-2000 (T=30) 
Tests/Significant level  10%  5%  10%  5%  10%  5% 
   Group 3 
Number of countries  8 15  15 
Number of country pairs  28 105  105 
ADF(p)                   
p=1 3.57  3.57  6.67  3.81  6.67  3.81 
p=2 7.14  0.00  6.67  4.76  12.38  3.81 
p=3 7.14  3.57  8.57  4.76  17.14  10.48 
p=4 3.57  0.00  6.67  1.90  14.29  6.67 
p(AIC) 7.14  7.14  7.62  4.76  9.52  7.62 
ADF-GLS(p)                   
p=1 3.57  3.57  2.86  0.95  1.90  0.95 
p=2 7.14  3.57  4.76  1.90  1.90  0.95 
p=3 10.71  7.14  5.71  1.90  5.71  4.76 
p=4 7.14  0.00  2.86  0.95  0.95  0.95 
p(AIC) 3.57  3.57  4.76  1.90  2.86  1.90 
ADF-WS(p)                   
p=1 0.00  0.00  2.86  1.90  9.52  2.86 
p=2 3.57  3.57  6.67  1.90  6.67  2.86 
p=3 17.86  14.29  11.43  6.67  9.52  5.71 
p=4 7.14  0.00  9.52  6.67  10.48  1.90 
p(AIC) 3.57  3.57  4.76  2.86  10.48  2.86 
   Group 4 
Number of countries  4 9 9 
Number of country pairs  6 36  36 
ADF(p)                   
p=1 0.00  0.00  2.78  0.00  11.11  5.56 
p=2 16.67  0.00  0.00  0.00  11.11  8.33 
p=3 16.67  16.67  8.33  0.00  22.22  8.33 
p=4 16.67  0.00  5.56  0.00  13.89  8.33 
p(AIC) 0.00  0.00  2.78  0.00  13.89  8.33 
ADF-GLS(p)                   
p=1 16.67  0.00  5.56  2.78  11.11  8.33 
p=2 16.67  16.67  5.56  0.00  11.11  2.78 
p=3 16.67  16.67  16.67  2.78  11.11  8.33 
p=4 16.67  16.67  11.11  5.56  11.11  5.56 
P(AIC) 16.67  0.00  8.33  2.78  13.89  8.33 
ADF-WS(p)                   
p=1 33.33  0.00  2.78  2.78  2.78  2.78 
p=2 16.67  16.67  2.78  0.00  2.78  2.78 
p=3 33.33  16.67  16.67  8.33  11.11  5.56 
p=4 16.67  16.67  16.67  5.56  11.11  5.56 
P(AIC) 33.33  0.00  5.56  2.78  5.56  2.78 Table 4 (continued): Proportions of Output Gap Pairs for which the Unit 
Root Hypothesis are Rejected by Country Groups -  PWT Series  
 
Sample period  1951-2000 (T=50)  1961-2000 (T=40)  1971-2000 (T=30) 
Tests/Significant  level  10% 5% 10% 5% 10% 5% 
   Group 5 
Number of countries  7 36  37 
Number of country pairs  21 630  666 
ADF(p)                   
p=1  28.57 23.81 17.94 10.48 16.22  8.71 
p=2 14.29  9.52  11.11  6.03  8.86  3.15 
p=3  14.29 4.76 14.13 8.10 10.21 5.41 
p=4 0.00  0.00  13.81  6.67  9.31  5.56 
P(AIC)  28.57 23.81 19.05 11.27 16.97  9.61 
ADF-GLS(p)                   
p=1 28.57  28.57  13.81  9.52  11.71  5.86 
p=2  14.29  9.52 8.73 3.65 4.80 1.35 
p=3  14.29  4.76 8.25 4.76 6.16 2.25 
p=4  9.52 0.00 7.62 4.29 5.86 3.00 
P(AIC)  28.57 28.57 14.76 10.00 12.61  6.16 
ADF-WS(p)                   
p=1  33.33 23.81 17.30 11.90 18.77 11.41 
p=2 19.05  19.05  14.44  7.78  10.06  5.26 
p=3  23.81 9.52 13.17 8.41 15.47 7.81 
p=4  9.52  0.00 13.17 8.10 12.31 7.81 
P(AIC)  33.33 23.81 18.25 12.70 19.67 12.61 
 
1.  See the notes to Table 2.  For the definitions of country groups see Table 1a. 
 
 Table 5: Numbers of Stationary Output Gap Pairs with Insignificant Linear 
Trend Coefficients by Country Groups – PWT Series 
 
Sample period  1951-2000 (T=50)  1961-2000 (T=40)  1971-2000 (T=30) 
Tests/Significant  level  10% 5% 10% 5%  10% 5% 
   Group 1 
Number of countries  16 16 17 
Number of country pairs  120 120 136 
ADF(p)                   
p=1  1(8) 0(5) 1(9) 0(2) 5(18)  1(6) 
p=2  1(6) 0(2) 0(5) 0(2) 3(10)  1(3) 
p=3  1(6) 1(4) 0(6) 0(4) 2(15)  1(8) 
p=4  2(7) 0(1) 0(5) 0(2) 1(12)  0(4) 
P(AIC)  1(8) 0(5) 1(9) 0(2) 5(20)  1(7) 
ADF-GLS(p)                   
p=1  3(8) 1(4) 1(6) 0(2) 3(14)  2(8) 
p=2  3(6) 0(0) 1(1) 0(0)  2(9) 2(4) 
p=3  1(6) 0(2) 2(6) 0(3) 7(22)  1(11) 
p=4  1(4) 1(1) 2(5) 0(0)  0(7) 0(4) 
P(AIC)  2(7) 1(4) 1(6) 0(2)  11(25)  4(15) 
ADF-WS(p)                   
p=1 3(10)  2(5)  2(8)  1(4)  8(21)  4(13) 
p=2  4(8) 1(2) 3(7) 0(0) 4(12)  1(6) 
p=3 4(10)  0(2)  2(9)  1(5)  4(19)  0(8) 
p=4 2(5)  1(2)  3(10)  1(6)  1(10)  0(2) 
P(AIC) 4(11)  2(5)  2(8)  1(4)  10(25)  5(16) 
   Group 2 
Number of countries  21 23 23 
Number of country pairs  210 253 253 
ADF(p)                   
p=1  3(13) 1(7) 3(20) 1(8)  3(19)  2(13) 
p=2  2(11) 1(3) 3(14) 2(3)  0(10) 0(4) 
p=3  3(15) 1(5) 0(13) 0(4)  1(19) 0(6) 
p=4  2(14)  0(5) 1(6) 1(1)  0(8) 0(2) 
P(AIC)  3(15) 1(8) 3(20) 1(9)  3(21)  2(14) 
ADF-GLS(p)                   
p=1  3(13) 1(7) 6(16) 1(5)  6(25) 1(7) 
p=2  2(10) 0(6) 5(11) 0(3)  0(9)  0(2) 
p=3  3(13) 0(6) 3(14) 0(5)  0(15) 0(8) 
p=4  1(10)  0(7) 3(9) 1(2)  1(7) 1(3) 
P(AIC)  3(15) 1(9) 7(19) 1(6)  6(27) 1(8) 
ADF-WS(p)                   
p=1  3(16)  1(8)  8(24) 3(14)  6(32) 5(19) 
p=2  3(12) 1(5) 7(18) 3(8)  3(27) 0(7) 
p=3  3(20)  1(7)  8(27) 2(14)  4(33) 1(18) 
p=4  3(16) 0(8) 5(23) 2(7)  5(20)  1(10) 
P(AIC)  3(18) 1(10) 9(27) 4(16)  6(36) 5(21) 
 Table 5 (continued): Numbers of Stationary Output Gap Pairs with 
Insignificant Linear Trend Coefficients by Country Groups – PWT Series 
 
Sample period  1951-2000 (T=50)  1961-2000 (T=40)  1971-2000 (T=30) 
Tests/Significant  level 10% 5% 10% 5%  10% 5% 
   Group 3 
Number of countries  8 15  15 
Number of country pairs  28 105  105 
ADF(p)                   
p=1 0(1)  0(1)  0(7)  0(4)  0(7)  0(4) 
p=2 0(2)  0(0)  0(7)  0(5)  0(13)  0(4) 
p=3 0(2)  0(1)  0(9)  0(5)  1(18)  1(11) 
p=4 0(1)  0(0)  0(7)  0(2)  1(15)  1(7) 
P(AIC) 0(2)  0(2)  0(8)  0(5)  1(10)  1(8) 
ADF-GLS(p)                   
p=1 0(1)  0(1)  0(3)  0(1)  1(2)  0(1) 
p=2 1(2)  0(1)  0(5)  0(2)  0(2)  0(1) 
p=3 0(3)  0(2)  0(6)  0(2)  0(6)  0(5) 
p=4 0(2)  0(0)  0(3)  0(1)  0(1)  0(1) 
P(AIC) 0(1)  0(1)  0(5)  0(2)  1(3)  0(2) 
ADF-WS(p)                   
p=1 0(0)  0(0)  0(3)  0(2)  1(10)  1(3) 
p=2 0(1)  0(1)  0(7)  0(2)  1(7)  0(3) 
p=3 1(5)  0(4)  0(12)  0(7)  0(10)  0(6) 
p=4 0(2)  0(0)  0(10)  0(7)  0(11)  0(2) 
P(AIC) 0(1)  0(1)  0(5)  0(3)  1(11)  1(3) 
   Group 4 
Number of countries  4 9 9 
Number of country pairs  6 36  36 
ADF(p)                   
p=1 0(0)  0(0)  1(1)  0(0)  1(4)  1(2) 
p=2 0(1)  0(0)  0(0)  0(0)  1(4)  1(3) 
p=3 0(1)  0(1)  1(3)  0(0)  2(8)  1(3) 
p=4 0(1)  0(0)  1(2)  0(0)  1(5)  0(3) 
P(AIC) 0(0)  0(0)  1(1)  0(0)  1(5)  1(3) 
ADF-GLS(p)                   
p=1 1(1)  0(0)  2(2)  1(1)  3(4)  2(3) 
p=2 0(1)  0(1)  2(2)  0(0)  4(4)  1(1) 
p=3 0(1)  0(1)  3(6)  1(1)  3(4)  2(3) 
p=4 0(1)  0(1)  3(4)  2(2)  2(4)  1(2) 
P(AIC) 1(1)  0(0)  3(3)  1(1)  3(5)  2(3) 
ADF-WS(p)                   
p=1 2(2)  0(0)  1(1)  1(1)  1(1)  1(1) 
p=2 0(1)  0(1)  1(1)  0(0)  1(1)  1(1) 
p=3 1(2)  0(1)  3(6)  1(3)  3(4)  1(2) 
p=4 0(1)  0(1)  5(6)  1(2)  1(4)  1(2) 
P(AIC) 2(2)  0(0)  2(2)  1(1)  1(2)  1(1) 
 Table 5 (continued): Numbers of Stationary Output Gap Pairs with 
Insignificant Linear Trend Coefficients by Country Groups – PWT Series 
 
Sample period  1951-2000 (T=50)  1961-2000 (T=40)  1971-2000 (T=30) 
Tests/Significant  level 10% 5% 10% 5% 10% 5% 
   Group 5 
Number of countries  7 36  37 
Number of country pairs  21 630  666 
ADF(p)                   
p=1  1(6)  0(5)  28(113) 17(66) 33(108) 16(58) 
p=2  0(3)  0(2)  18(70) 11(38) 13(59)  6(21) 
p=3  0(3)  0(1)  15(89) 12(51) 10(68)  7(36) 
P=4  0(0)  0(0)  19(87) 8(42) 13(62) 5(37) 
P(AIC)  1(6)  0(5)  29(120) 18(71) 34(113) 16(64) 
ADF-GLS(p)                   
P=1 1(6)  1(6)  24(87)  9(60)  22(78)  11(39) 
P=2 0(3)  0(2)  11(55)  5(23)  8(32)  4(9) 
P=3  0(3)  0(1)  7(52) 5(30) 8(41) 3(15) 
P=4  0(2)  0(0)  9(48) 5(27) 7(39) 4(20) 
P(AIC)  1(6)  1(6)  25(93) 10(63) 23(84) 12(41) 
ADF-WS(p)                   
P=1  1(7)  1(5)  30(109) 19(75) 43(125) 25(76) 
P=2  0(4)  0(4)  21(91) 11(49) 22(67) 10(35) 
P=3 1(5)  0(2)  13(83)  8(53)  28(103)  12(52) 
P=4  0(2)  0(0)  17(83) 8(51) 19(82) 9(52) 
P(AIC)  1(7)  1(5)  30(115) 19(80) 44(131) 26(84) 
 
1. See the notes to Table 3. For the definitions of country groups see Table 1a. Table 6: Proportion of Output Gap Pairs for which the Stationarity 




Sample period  1951-2000 (T=50)  1961-2000 (T=40)  1971-2000 (T=30) 
Significant level  10% 5% 10% 5% 10% 5% 
Group 1  19.17 30.00 16.67 27.50 16.91 22.79 
Group 2  14.76 24.29 18.18 24.11 18.58 27.27 
Group 3  14.29  21.43 6.67 11.43 7.62 12.38 
Group 4  50.00 50.00 33.33 52.78 27.78 52.78 
Group 5  4.76 19.05  18.25  24.29  19.07  28.38 
World  16.17 23.05 14.33 20.74 16.22 23.11 
 
1 The KPSS test statistics are computed as set out in Section 4.1 and are applied to 
deviations of output gap pairs from a constant mean. The relevant asymptotic critical 
values (obtained for the case with an intercept only) are 0.463 and 0.347 for 5% and 
10% significant levels, respectively (see Kwiatkowski, Phillips, Schmidt and Shin (1992), 
Table 1). The window lags used is chosen approximately as  ) ( 75 . 0
3 T . Thus, for T=30, 
40, and 50, the window lags used in the computation of the KPSS test statistic are 2, 3, 
and 4, respectively.  The total numbers of country pairs are given in Table 4 for country 
groups and in Table 2 for the world.   
Table 7: Unit Root Tests Applied to the Cross Section Mean Difference of 
Output for Different Country Groups - PWT Series, 1961-2000 (T=40)  
 
With intercept and linear trend 
 
 
Tests/p  0 1 2 3 4  p(AIC) 
Group 1           
    ADF(p)  -2.499 -2.329 -2.376 -2.313 -2.232  0 
    ADF-GLS(p) -0.477 -0.855 -1.090 -1.192 -1.250  0 
    ADF-WS(p)  -0.132 -0.527 -0.821 -1.035 -1.101  0 
Group 2            
    ADF(p)  -0.889 -1.248 -1.193 -1.143 -1.104  1 
    ADF-GLS(p) -0.647 -1.228 -1.262 -1.300 -1.362  1 
    ADF-WS(p)  -0.725 -1.272 -1.274 -1.323 -1.415  1 
Group 3            
    ADF(p)  -1.495 -1.564 -1.210 -1.173 -1.162  0 
    ADF-GLS(p) -0.308 -0.780 -0.700 -0.794 -0.988  0 
    ADF-WS(p)  0.045 -0.492 -0.452 -0.600 -0.858  0 
Group 4            
    ADF(p)  -2.139 -2.079 -2.455 -2.908  -3.834**  4 
    ADF-GLS(p) -1.498 -1.458 -1.895 -2.348  -3.087*  4 
    ADF-WS(p)  -1.707 -1.479 -2.012 -2.641  -3.593**  4 
Group 5            
    ADF(p)  -4.134**  -2.971 -2.691 -2.309 -2.333  0 
    ADF-GLS(p)  -3.492**  -2.373 -2.085 -1.716 -1.751  0 
    ADF-WS(p) -3.956**  -2.729 -2.368 -2.053 -2.107  0 
World            
    ADF(p)  -1.944 -1.649 -1.544 -1.402 -1.772  0 
    ADF-GLS(p) -1.995 -1.702 -1.603 -1.466 -1.853  0 
    ADF-WS(p)  -2.333 -2.069 -1.964 -1.837 -2.232  0 
 
  
1.  * and ** indicate 10% and 5% significance levels, respectively. The critical 
values are given in Table A.  The concentration coefficient is computed as 
∑∑ − −
ij
jt it y y N N )) 1 ( /( 2 ( , where i,j =  1,2, …, N.  Table 8: Unit Root Tests Applied to the Mean Difference with Population 
Weights for Different Country Groups: - PWT Series, 1961-2000 (T=40)  
 




Tests/p  0 1 2 3 4  p(AIC) 
Group 1           
   ADF(p)  -3.412*  -3.111  -3.235*  -3.486*  -3.990**  4 
      ADF-GLS(p)  -0.671 -1.141 -1.265 -1.743 -2.520  4 
      ADF-WS(p) 0.129 -0.416 -0.529 -1.439 -2.497  4 
            
Group 2          
      ADF(p)  -1.137 -1.505 -1.609 -1.419 -1.598  1 
      ADF-GLS(p)  -0.901 -1.466 -1.664 -1.543 -1.769  1 
      ADF-WS(p) -0.897 -1.466 -1.655 -1.563 -1.836  1 
            
Group 3          
      ADF(p)  -2.518 -2.866 -2.853 -2.574 -2.520  1 
      ADF-GLS(p)  -2.506 -2.895 -2.883 -2.587 -2.533  1 
      ADF-WS(p) -2.470 -2.955 -2.898 -2.613 -2.577  1 
            
Group 4          
   ADF(p)  -2.305  -2.290  -2.565  -3.216*  -3.390*  3 
      ADF-GLS(p)  -1.322 -1.437 -1.718 -2.268 -2.390  3 
      ADF-WS(p) -1.377 -1.361 -1.625 -2.553 -2.774  3 
            
Group 5          
      ADF(p)  -1.844 -1.344 -0.686 -1.125 -1.485  0 
      ADF-GLS(p)  -1.966 -1.622 -1.179 -1.616 -1.952  0 
      ADF-WS(p) -2.201 -1.829 -1.377 -1.834 -2.197  0 
            
World          
      ADF(p)  -2.810 -2.788 -2.901 -2.687 -2.711  0 
      ADF-GLS(p)  -1.437 -1.564 -1.793 -1.615 -1.795  0 
      ADF-WS(p) -1.224 -1.375 -1.568 -1.360 -1.668  0 
 
 
1.  * and ** indicate 10% and 5% significance levels, respectively. The critical values are 
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1 . Table 9:  Proportion of Output Gap Pairs for which the Unit Root 




Group  Advanced Countries South Europe  Latin America 
Sample period  1870-2000 (T=131)  1923-2000 (T=78)  1900-2000 (T=101) 
Tests/Significant  Level  10% 5% 10% 5%  10% 5% 
Number of countries  17 5  8 
Number of country pairs  136 10  28 
ADF(p)                     
p=1  41.18 30.15 30.00 30.00  3.57  3.57 
p=2  32.35 22.06 30.00 30.00  0.00  0.00 
p=3  33.09 24.26 30.00 30.00  0.00  0.00 
p=4  26.47 13.97 30.00 30.00  0.00  0.00 
p(AIC)  28.68 16.91 30.00 30.00  0.00  0.00 
ADF-GLS(p)                   
p=1  47.79 36.76 10.00 10.00  7.14  3.57 
p=2  43.38 29.41 10.00 10.00  7.14  0.00 
p=3  45.59 31.62 20.00 10.00  0.00  0.00 
p=4  38.24 25.00 20.00 10.00  0.00  0.00 
p(AIC)  35.29 23.53 20.00 10.00  0.00  0.00 
ADF-WS(p)                   
p=1  49.26 38.97 10.00 10.00  14.29  3.57 
p=2  44.85 30.88 20.00 10.00  10.71  0.00 
p=3  47.06 34.56 20.00 10.00  3.57  0.00 
p=4  41.18 27.21 20.00 10.00  3.57  0.00 
p(AIC)  38.97 26.47 20.00 10.00  3.57  0.00 
 
1 The unit root tests are based on augmented Dickey-Fuller (ADF) regressions with an intercept 
and a linear trend, and are carried out at the 10% and 5% significance levels. ADF(p) denotes the 
standard ADF test of order p. ADF-GLS is due to Elliot et al. (1996) that corrects for trends, and 
ADF-WS is the weighted symmetric version of the ADF test proposed by Park and Fuller (1995). 
See Appendix A for computational details and the critical values. Table 10: Numbers of I(0) Output Gap Pairs with Insignificant Linear Trend 





Group Advanced  South  Europe  Latin  America 
Sample period  1870-2000 (T=131)  1923-2000 (T=78)  1900-2000 (T=101) 
Tests/Significant  Level  10% 5% 10% 5% 10% 5% 
Number of countries  17 5  8 
Number of country pairs  136 10  28 
ADF(p)                   
p=1  19(56)  16(41)  1(3) 1(3) 0(1) 0(1) 
p=2  15(44)  11(30)  1(3) 1(3) 0(0) 0(0) 
p=3  14(45)  10(33)  1(3) 1(3) 0(0) 0(0) 
p=4  10(36)  6(19) 1(3) 1(3) 0(0) 0(0) 
p(AIC)  11(39)  8(23) 1(3) 1(3) 0(0) 0(0) 
ADF-GLS(p)                   
p=1  29(65)  21(50)  1(1) 1(1) 1(2) 0(1) 
p=2  25(59)  18(40)  1(1) 1(1) 1(2) 0(0) 
p=3  26(62)  18(43)  2(2) 1(1) 0(0) 0(0) 
p=4  20(52)  14(34)  2(2) 1(1) 0(0) 0(0) 
p(AIC)  18(48)  13(32)  2(2) 1(1) 0(0) 0(0) 
ADF-WS(p)                   
p=1  29(67)  20(53)  1(1) 1(1) 1(4) 0(1) 
p=2  25(61)  18(42)  2(2) 1(1) 1(3) 0(0) 
p=3  25(64)  18(47)  2(2) 1(1) 0(1) 0(0) 
p=4  21(56)  13(37)  2(2) 1(1) 0(1) 0(0) 
p(AIC)  19(53)  13(36)  2(2) 1(1) 0(1) 0(0) 
 
1 The numbers in brackets are the total number of country pairs for which the unit root 
hypothesis were rejected at the specified significance levels. These are the rejection 
frequencies in Table 2 multiplied by the number of country pairs. Tests of the 
significance of linear trends are conducted at the 5% significance level.   
 Table 11:  Proportion of Output Gap Pairs for which the Stationarity 




Country group  Advanced  South Europe  Latin America 
Sample period  1870-2000 (T=131)  1923-2000 (T=78)  1900-2000 (T=101) 
Window lag  4 3 3 
Number of countries  17 5  8 
Number of country pairs  136 10  28 
Significant level  10% 5%  10% 5% 10% 5% 
KPSS   7.35 11.76 30.00  20.00 3.57  7.14 
 
1 The KPSS test statistics are computed as set out in Section 4.1 and are applied to 
deviations of output gap pairs from a constant mean. The relevant asymptotic critical 
values (obtained for the case with an intercept only) are 0.463 and 0.347 for 5% and 
10% significant levels, respectively (see Kwiatkowski, Phillips, Schmidt and Shin (1992), 
Table 1). The window lags used are computed approximately as  ) ( 75 . 0
3 T . Thus, for 
T=78, 101, and 131, the window lags used in the computation of the KPSS test statistic 
are 3, 3, and 4, respectively.  
 Table 12: Proportion of Insignificant Short run and Long Run Intercept 
Terms in the Output Growth Gap Regressions – PWT Series  
(per cent) 
   T=30 T=40 T=50 
   SR LR SR LR SR LR 
   World 
Total Number of country pairs  5050  4851  1540 
p=0  70.50 70.50 69.82 69.82 66.30 66.30 
p=1  80.34 76.44 78.46 74.91 80.32 76.43 
p=2  81.35 73.66 78.66 73.00 79.16 73.83 
p=3  83.92 73.39 81.86 72.81 82.21 74.03 
p=4  84.30 71.52 83.01 71.41 78.38 70.78 
P(AIC)  72.50 72.08 71.86 71.43 71.10 70.39 
   Group 1 
Total Number of country pairs  136  120  120 
p=0  67.65 67.65 65.83 65.83 70.00 70.00 
p=1  81.62 77.21 85.00 80.83 81.67 78.33 
p=2  86.03 77.21 84.17 76.67 83.33 77.50 
p=3  95.59 86.76 92.50 75.83 87.50 79.17 
p=4  94.12 81.62 88.33 75.83 85.83 75.83 
P(AIC)  70.59 70.59 71.67 70.83 73.33 73.33 
   Group 2 
Total Number of country pairs  253  253  210 
p=0  71.54 71.54 70.36 70.36 75.71 75.71 
p=1  86.56 83.40 82.21 79.05 86.19 83.81 
p=2  86.17 79.84 84.19 79.05 89.05 83.81 
p=3  85.77 77.87 84.98 77.87 90.95 81.43 
p=4  83.40 75.49 84.58 74.31 89.05 79.05 
P(AIC)  74.31 73.52 72.73 72.33 79.05 78.57 
   Group 3 
Total Number of country pairs  105  105  28 
p=0  52.38 52.38 48.57 48.57 57.14 57.14 
p=1  77.14 67.62 62.86 57.14 71.43 67.86 
p=2  77.14 63.81 69.52 60.00 75.00 71.43 
p=3  82.86 67.62 74.29 55.24 85.71 71.43 
p=4  81.90 65.71 80.95 55.24 75.00 71.43 
P(AIC)  60.00 58.10 57.14 55.24 71.43 67.86 
   Group 4 
Total Number of country pairs  36  36  6 
p=0  94.44 94.44 97.22 97.22  100.00  100.00 
p=1  91.67 91.67 94.44 94.44  100.00  100.00 
p=2  88.89 91.67 97.22 94.44  100.00  100.00 
p=3  91.67 91.67 97.22 97.22  100.00  100.00 
p=4  91.67 91.67 97.22 97.22  100.00  100.00 
P(AIC)  91.67 91.67 97.22 97.22  100.00  100.00 
   Group 5 
Total Number of country pairs  666  630  21 
p=0  87.39 87.39 87.94 87.94 85.71 85.71 
p=1  88.89 86.94 90.00 87.78  100  95.24 
p=2  88.29 85.74 90.00 85.56 85.71 80.95 
p=3  90.54 83.93 91.75 86.35 80.95 80.95 
p=4  89.94 82.28 90.79 83.33 80.95 80.95 
P(AIC)  86.94 86.94 87.30 87.30 85.71 85.71  
Table 13:  Proportion of Insignificant Short run and Long Run Intercept 
Terms in the Output Growth Gap Regressions – Maddison Series 
 
(per cent) 
Group Advanced  South  Europe  Latin  America 
Sample period  1870-2000 (T=131)  1923-2000 (T=78)  1900-2000 (T=101) 
Tests/Significant 
Level  SR LR SR LR  SR  LR 
Number of 
countries  17 5  8 
Number of country 
pairs  136 10  28 
p=0 97.79  97.79  100.00  100.00  100.00  96.43 
p=1 98.53  98.53  100.00  100.00  96.43  96.43 
P=2 97.79  97.79  100.00  100.00  96.43  96.43 
P=3 97.79  95.59  100.00  100.00  96.43  96.43 
P=4 97.06  97.06  100.00  100.00  100.00  96.43 
P(AIC) 97.06  95.59  100.00  100.00  100.00  96.43 
  
Table A: Critical Values for the Unit Root Tests 
 
With intercept only 
        
  PWT data Maddison  data 
Significance level  5% 
Tests/Sample Sizes  30  40  50  78  101  131 
ADF  -2.9637 -2.8976 -2.9008 -2.9532 -2.8814 -2.8901 
ADF-GLS  -2.3968 -2.3149 -2.2415 -2.1925 -2.1340 -2.0906 
ADF-WS  -2.6086 -2.5919 -2.5485 -2.6008 -2.5806 -2.5437 
Significance level  10% 
Tests/Sample Sizes  30  40  50  78  101  131 
ADF  -2.6353 -2.5829 -2.5760 -2.6215 -2.5927 -2.5924 
ADF-GLS  -2.0991 -2.0193 -1.9490 -1.8510 -1.8300 -1.7836 
ADF-WS  -2.2752 -2.2775 -2.2534 -2.2694 -2.2786 -2.2511 
        
        
        
With an intercept and a linear trend 
        
  PWT data Maddison  data 
Significance level  5% 
Tests/Sample Sizes  30  40  50  78  101  131 
ADF  -3.5696 -3.5308 -3.5114 -3.4573  -3.429  -3.4569 
ADF-GLS  -3.4116 -3.2579 -3.1634 -3.0805 -2.9967 -2.9781 
ADF-WS  -3.4318 -3.3426 -3.2957 -3.2855 -3.2318 -3.2361 
Significance level  10% 
Tests/Sample Sizes  30  40  50  78  101  131 
ADF  -3.2282 -3.1898 -3.1697 -3.1656 -3.1340 -3.1556 
ADF-GLS  -3.0653 -2.9614 -2.8488 -2.7766 -2.7009 -2.6939 
ADF-WS  -3.0757 -3.0317 -2.9600 -2.9622 -2.9209 -2.9355 
 
 
Notes: Critical values for the test statistics are computed as follows. For the ADF statistic, the 
critical values for the statistic are computed based on the empirical distribution of the t-statistic of 
the level variable in the ADF regression of  ∆xit  on xit-1  , deterministic components, and lagged 
values of  ∆xit , where  xit  is generated as xit = xit-1 + ε it  with ε it ~ iidN(0,1).  The ADF-GLS 
statistic is computed based on the t-statistic of the level variable in the ADF regression applied to 
a demeaned or de-trended variable (depending on the case being considered) as proposed in 
Elliott, Rothenberg and Stock (1996). For the intercept case, the value of c is set equal to 7, and 
13.5 for the case with intercept and linear trend. Note that, for the case when there are no 
intercept and trend, the critical values of the ADF and ADF-GLS statistics coincide.  The critical 
values for the weighted symmetric ADF statistics are computed based on the empirical 
distribution of the test statistic as proposed in Park and Fuller (1995), The discussion of the ADF-
GLS and weighted symmetric ADF statistics can be found in the Appendix. The critical values are 
computed for the cases where the deterministic components include intercept only, and intercept 
and linear trend. The simulations are carried out with 10,000 replications.   Figure 1 
Log Real Per Capita Output for the World Economies (PWT Data) 
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 Figure 4 
Log Real Per Capita Output for Asia, Australia and New Zealand Economies  
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Log Real Per Capita Output for Middle East and North African Economies  
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Figure 10 
Equal and Population Weighted Mean Difference Coefficients of Log Per Capita 
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